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Abstract 
Thin Walled Cold-Formed Concrete Filled Tubular Square Column are manufactured by flare welding at center of 
column width for cold formed L shape plates of 4 piece and improved composite effect of concrete and steel by 
vertical inner anchor. Also, Axial resistance of concrete is increased by confine effect of steel tube and steel prevent 
local buckling of steel column. In this study, we introduced manufacture method of thin walled cold-formed square 
column steel square concrete filled tubular column and structural performance of the welded built-up square stub 
column  was verified by structural test for ten specimens with parameters of concrete strength, type of steel tube, 
width to thickness ratio of steel tube. 
© 2011 Published by Elsevier Ltd.  
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1. Introduction 
Concrete filled steel tubular columns are being increasingly used due to the increase in the demand for 
high-rise buildings these days and the studies on CFT columns using thin steel plates are being conducted.  
Sironic et al.(1997) and Hossain et al.(1998) are the pioneers of the area.  Recently, Zhang et al.(2005, 
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2006) confirmed that CFT columns using thin steel plates provide excellent ductility and Zhang et 
al.(2005, 2006) proved that local buckling is delayed at the columns and suggested that the studies be 
conducted on strength estimation associated with stiffener setup inside and outside of the columns.  CFT 
columns using thin steel plates can mitigate the permissible limit of width-thickness ratio and maintain 
strength after buckling.  In Korea, welded built-up square steel tubes made of 4 bending-formed L-shaped 
thin steel plates have been developed.  Figure 1 shows the sectional shape and composition of the column.  
Ribs were set up inside to induce the composite effect between steel tube and concrete and welding was 
done at the center of tubes to minimize the influence of residual stress caused by steel tube edge bending 
and welding heat.  In this study, 6 welded built-up square CFT column specimens and 4 generic CFT 
column specimens were fabricated with variables of sectional shape, width-thickness ratio and concrete 
strength for structural test and analysis in order to evaluate structural characteristics of square columns 
made of thin steel plates.   
 
          
 
(a) Sectional shape                      (b) Composition 
Figure 1. Welded built-up square CFT column 
2. Structural Test 
2.1. Specimen plan 
As shown in table 1 and figure 2, 6mm-thick SM 490 (Fy=325MPa, Fu=490MPa) was used for the 
specimens. Column width was varied among the specimens to enable different width-thick ratios (19, 23, 
27, 50 and 67).  10 specimens consisting of 3 welded built-up CFT specimens and 2 generic CFT 
specimens for two concrete strengths apiece (10MPa and 40MPa) were fabricated.  20cm-long-stiffeners 
were set up to prevent local buckling at the joint of column and lower end plate.  Column height was 3.5 
times as long as column width.   
 
      
(a) Generic column    (b) Welded built-up column     (c) Front view 
Figure 2. Specimen figures 
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Table 1 Specimen details 
Specimens Shape L(ໄ) B(ໄ) T(ໄ) B/t Type Con'c 
HSC-4 
Welded built-up 
square CFT column 
1,050 300 6 19 
SM490 10MPa 
HSC-5 1,225 350 6 23 
HSC-6 1,400 400 6 27 
HSC-9 
General square CFT column 
1,050 300 6 50 
HSC-10 1,400 400 6 67 
HSCS-1 
Welded built-up 
square CFT column 
1,050 300 6 19 
SM490 40MPa 
HSCS-2 1,225 350 6 23 
HSCS-3 1,400 400 6 27 
HSCS-4 
General square CFT column 
1,050 300 6 50 
HSCS-5 1,400 400 6 67 
HSC: Harmony Stub Column (fck: 10MPa), HSCS: Harmony Stub Column Special (fck: 40MPa) 
2.2. Specimens Setting 
Strain gauges and LVDTs were set up as shown in figure 3 and 4 to measure strain and displacement 
caused by axial loads and loads were applied by a 10,000kN UTM at a speed of 0.05mm/sec. Figure 5 
shows specimen setting.  
 
(a) Welded built-up square column   (b) Generic column                        (a) Horizontal LVDTs       (b) Vertical LVDTs 
 
Figure 3. Strain gauge setup                                                         Figure 4. LVDT setup 
3. Test result 
3.1. Material test result 
Material test shows the result of Fy=414MPa, Fu=521MPa and fck=10MPa for HSC specimens and 
Fy=369MPa, Fu=431MPa and fck=39MPa for HSCS specimens as shown in table 2.   
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(a) Front view                 (b) Side view 
Figure 5. Specimen setting 
Table 2 Material test result 
Specimens Material Dimension Test Results(MPa) 
HSC 
SM490A 6ໄ Fy : 414, Fu : 521 
Concrete ĭ100×200ໄ fck : 10  
HSCS 
SM490A 6ໄ Fy : 369, Fu : 431 
Concrete ĭ100×200ໄ fck : 39 
3.2. Structural test result 
Figure 6~7 show load-displacement relation and failure mode of the specimens. 
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(a) HSC                                                                                          (b) HSCS 
Figure 6. Load-Displacement relation of specimens 
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 (a) HSC-4                       (b) HSC-5                   (c) HSC-6                     (d) HSC-9                (e) HSC-10 
 Figure 7. Failure mode of specimens 
 
(a) HSCS-1                   (b) HSCS-2                  (c) HSCS-3                  (d) HSCS-4              (e) HSCS-5 
Figure 7. Failure mode of specimens 
In both welded built-up CFT specimens and generic CFT specimens, out-of-plane local buckling was 
observed at the edges of ribs set up to prevent stress concentration in the upper and lower ends of columns 
followed by gradual increase in load capacity. Then load capacity decreased gradually as column center 
swelled. Figure 8 shows the failure mode of concrete inside of steel tubes.  The location of local buckling 
at steel tube corresponded to that of concrete failure. 
 
 
(a) HSCS-1                                               (b) HSCS-4 
Figure 8. Concrete failure inside of steel tubes 
4. Analysis & implication 
Structural characteristics of square CFT stud columns using cold-formed thin steel plates associated with 
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different concrete strengths is as follows. 
4.1.  Load capacity of columns 
Table 3 shows ultimate load capacity and simply accumulated load capacity (As·Fy+Ac·Fck) of the 
specimens.  Ultimate load capacity of HSC-4, 5 and 6 specimens was higher than simply accumulated 
load capacity by 1~3%.  Ultimate load capacity of HSCS-1 and 2 specimens was higher than simply 
accumulated load capacity by 6~9%.  It is deduced that while permissible limit of width-thickness ratio of 
generic steel tubes is 43, the ribs set up inside of the tubes lowered width-thickness ratio from 50(Ƒ300), 
58(Ƒ350) and 67(Ƒ400) to 19, 23 and 27 and thus delayed local buckling.  Yield strength and ultimate 
load capacity of HSCS-3 specimen could not be confirmed because the test was terminated at 9,345kN.  
Ultimate load capacity of HSC-9 and 10 specimens was lower than simply accumulated load capacity by 
8~18% seemingly because of gradual progress of concrete failure after local buckling at the steel tubes.  
Ultimate load capacity of HSCS-4 specimen was higher than simply accumulated load capacity by 9%, 
while the former was lower than the latter by 6% in HSCS-5 specimen seemingly because local buckling 
happened before the yield strength of steel tube in the specimen having width-thickness ratio of 67, while 
steel tube yielded due to compressive force in the specimen having width-thickness ratio of 50.  It is 
deduced that ultimate load capacity of welded built-up CFT columns having column width of 300 and 
400mm increased by 24% and 17% respectively because the ribs set up inside of the steel tubes of welded 
built-up CFT columns lowered their width-thickness ratio from 50(Ƒ300), 58(Ƒ350) and 67(Ƒ400) to 19, 
23 and 27.  
Table 3 Structural test result 
Specimens Ultimate Resistance Pu(kN) [B] 
As·Fy+Ac·Fck 
[C] [B]/[C] 
HSC-4 4,682 4,616 1.01 
HSC-5 5,585 5,434 1.03 
HSC-6 6,523 6,304 1.03 
HSC-9 3,428 3,709 0.92 
HSC-10 4,452 5,401 0.82 
HSCS-1 7,089 6,527 1.09 
HSCS-2 8,689 8,199 1.06 
HSCS-3 (9,346) 10,068 0.93 
HSCS-4 6,298 5,800 1.09 
HSCS-5 8,802 9,345 0.94 
4.2. Structural capacities associated with the increase in concrete strength 
When compared with HSC specimens, yield strength of steel decreased to 89%, while compressive 
strength of concrete increased to 382% in HSCS specimens.  Because of the change in material strength, 
simply accumulated load capacity and ultimate load capacity of HSCS-1 and 2 specimens increased by 
51% and 54% respectively on average when compared with HSC-4 and 5 specimens. Simply accumulated 
load capacity and ultimate load capacity of HSCS-4 and 5 specimens increased by 65% and 91% 
respectively on average when compared with HSC-9 and 10 specimens.  Local buckling at steel tubes was 
followed by the progress of concrete failure before ultimate load capacity of the tubes in the specimens 
having relatively lower concrete strength, while local buckling at steel tubes was delayed in the 
specimens having relatively higher concrete strength as shown in figure 9.  
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Table 4 Structural capacities associated with the increase in concrete strength 
Specimens Fy (MPa) 
Fck 
(MPa) 
As·Fy+Ac·Fck 
(%) 
Ultimate resistance 
(%) 
HSCS-1/HSC-4 
369/414 
(89%) 
39.29/10.28 
(382%) 
141  151  
HSCS-2/HSC-5 151  156  
HSCS-3/HSC-6 160  -  
Mean   151 154 
HSCS-4/HSC-9 369/414 
(89%) 
39.29/10.28 
(382%) 
156  184  
HSCS-5/HSC-10 173  198  
Mean   165 191 
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(a) Welded built-up square CFT columns                                                   (b) Generic CFT columns 
Figure 9. Load-Displacement relation associated with the change in concrete strength 
4.3. The effect of rib setup 
In welded built-up square CFT columns, ribs set up at the center of column width reduced width-
thickness ratio of steel tubes. Therefore, horizontal deflection of the tubes upon concrete casting was 
mitigated and the composite effect between concrete and steel after concrete-hardening was improved.  
As shown in table 3, ultimate load capacity of HSC-9 and 10 and HSCS-4 and 5 specimens was 82%, 
92%, 109% and 94% respectively of simply accumulated load capacity, meaning that load capacity of the 
specimens without ribs was lower than simply accumulated load capacity except for HSCS-4.  On the 
contrary, ultimate load capacity of HSC-4, 5 and 6 and HSCS-1 and 2 specimens where ribs were set up 
was 101%, 103%, 103%, 109% and 106% respectively, showing the improvement in ultimate load 
capacity by 2% and 8% for concrete strength of 10MPa and 40MPa, respectively.  It is deduced that 
setting up ribs reduces width-thickness ratio of steel tubes from 50(Ƒ300), 58(Ƒ350) and 67(Ƒ400) to 19, 
23 and 27 and improves ultimate load capacity of welded built-up CFT columns over simply accumulated 
load capacity by 2~8%.   
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4.4. Comparison of test result and design standards 
Table 5 compares designed load capacity calculated from the KBC 2005 and LRFD 2005 standards with 
test result.  Pn values from the KBC 2005 were lower than those from LRFD 2005.  Since current design 
standards for CFT columns can not reflect the increase in the strength of welded built-up CFT columns 
enabled by ribs, design equation for welded built-up CFT columns should be drawn to take into 
consideration the strength increase associated with rib setup. 
Table 5 Comparison of test result and design standards 
Specimens L (ໄ) 
B 
(ໄ) 
T 
(ໄ) B/t 
As 
(໇) 
Fy 
(MPa)
Ac 
(໇) 
Fck
(MPa) Pu_ext
Pn 
[KBC 
2005] 
Pn(kN) 
[AISC 
LRFD 
2005] 
HSC-4 1,050 300 6 19 9,160 414 80,102 10 4,682 4,220 4,421 
HSC-5 1,225 350 6 23 10,360 414 111,400 10 5,585 4,904 5,183 
HSC-6 1,400 400 6 27 11,560 414 147,700 10 6,523 5,618 5,987 
HSC-9 1,050 300 6 50 6,902 414 82,820 10 3,428 3,555 3,554 
HSC-10 1,400 400 6 67 9,311 414 150,420 10 4,452 5,122 5,119 
HSCS-1 1,050 300 6 19 9,160 369 80,102 39 7,089 5,258 6,056 
HSCS-2 1,225 350 6 23 10,360 369 111,400 39 8,689 6,450 7,559 
HSCS-3 1,400 400 6 27 11,560 369 147,700 39 9,346 7,762 9,230 
HSCS-4 1,050 300 6 50 6,902 369 82,820 39 6,298 4,527 5,349 
HSCS-5 1,400 400 6 67 9,311 369 150,420 39 8,802 7,031 8,522 
5. Conclusion 
The conclusion of this study to analyze structural characteristics of square CFT stub columns using cold-
formed thin steel plates associated with the change in concrete strength is as follows. 
1. Since the ribs set up inside of steel tubes of welded built-up square CFT columns reduced width-
thickness ratio from 50(Ƒ300), 58(Ƒ350) and 67(Ƒ400) to 19, 23 and 27 respectively, ultimate load 
capacity of the columns increased by 24% and 17% when column width was 300mm and 400mm, 
respectively. 
2. Simply accumulated load capacity and ultimate load capacity of HSCS-1 and 2 having concrete 
strength of 40MPa increased by 51% and 54% on average respectively when compared with their 
10MPa counterparts, HSC-4 and 5.  Similarly, simply accumulated load capacity and ultimate load 
capacity of HSCS-4 and 5 with concrete strength of 40MPa increased by 65% and 91% on average 
respectively when compared with their 10MPa counterparts, HSC-9 and 10.  It is deduced that higher 
concrete strength delays local buckling at the steel tubes of CFT columns and thus improves ultimate 
load capacity of both welded built-up square CFT columns and generic CFT columns.  
3. Ribs set up inside of steel tubes reduced width-thickness ratio from 50(Ƒ300), 58(Ƒ350) and 67(Ƒ400) 
to 19, 23 and 27 respectively and increased ultimate load capacity of welded built-up square CFT 
columns over simply accumulated load capacity by 2~8%.  The current design standards for CFT 
columns can not reflect the increase in the strength of welded built-up CFT columns enabled by ribs.  
Therefore, strength increase associated with rib setup should be taken into consideration upon the 
establishment of design equation for welded built-up CFT columns.  
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